Abstract. Two species of the Chrysoperla carnea complex: Ch. carnea sensu Henry and Ch. lucasina, occur in the crop environment in western France. Within the framework of a conservation biological control program for protected seed crops, the pollen consumption of these common green lacewings was investigated. The diverticulum contents of collected specimens were analysed to determine their food preference. Ch. carnea sensu Henry and Ch. lucasina are opportunistic feeders, which are attracted to large patches of flowering plants. The establishment of monitoring an attractive environment for these predators is
INTRODUCTION
The demand for high quality food in West European markets has increased significantly making Integrated Pest Management and organic farming attractive options for both farmers and agronomists. Crops must be free of pesticides and so they need to be protected against phytophagous pests by other means. Barbosa (1998) emphasised the attraction of beneficial insects to crop environment, and their migration to the under-cover crops and the greenhouses (conservation biological control). The vegetation bordering or surrounding cultivated areas provide oviposition and overwintering sites, a wider choice of food and shelter for beneficial organisms (Thies & Tscharntke, 1999; Nicholls & Altieri, 2002) , and contribute to the diversity of plant species (Theunissen & Den Ouden, 1980; Baliddawa, 1985) . Several methods of attracting pollinators (Yeboah Gyan & Woodell, 1987) , and entomophagous insects such as Syrphidae (Colley & Luna, 2000) , Coccinellidae (Hodek, 1973) and Neuroptera (Hagen et al., 1976) have been proposed. Among the latter, the larvae of green and brown lacewings have many favourable traits such as a great voracity and a wide range of prey (New, 1975) . Chrysoperla spp. are the most frequent and abundant green lacewings in crops in temperate regions (Duelli, 2001) . The life history of Chrysoperla is complex, its larvae are entomophagous, while the adults feed mainly on substances of vegetal origin (nectar and pollen) but also insect honeydew (Principi & Canard, 1984; Stelzl, 1991; Bozsik, 1992) . Their flight behaviour is of three types: (i) migration to overwintering sites after diapause induction in late summer , (ii) migration to the field crops and the surrounding trees and bushes in spring (Duelli, 2001; Villenave et al., 2005) , and (iii) preoviposition flights to new habitats with aphid colonies (Duelli, 2001) . Chrysoperla carnea (Stephens) sensu Henry [= Chrysoperla affinis (Stephens) sensu Thierry], has a larger plant range than Ch. lucasina (Lacroix) (Villenave et al., 2005) . Ecological requirements can account for the differences in feeding behaviour of these sibling species of the carnea complex (Thierry et al., 1992) : Ch. lucasina frequently occurs in field crops and on herbaceous plants in summer (Henry et al., 1996; Paulian, 2001) while the other species lives on bushes and herbaceous plants (Thierry et al., 1996) . Within their habitat, however, adults choose their food. Are they attracted by particular plants or do they move and feed at random? First, the consumption of pollen of particular plants by common green lacewings was compared to the availability of polliniferous plants. Then, plant attractiveness was analysed more accurately. This work aims to determine the food-choice of common green lacewings in a crop environment by comparing the availability of pollen with the diverticulum contents of the lacewings.
MATERIAL AND METHODS
This work was carried out in the Loire Valley in western France, near Angers in four agroecosystems devoted to seed protected production. At each site, the study was carried out in about 3 ha of various crops (cabbage, leek, carrot or alfalfa). The surrounding vegetation consisted of hedges with various trees and bushes, and scattered weeds ( Table 1) .
The floristic composition of the different sites was similar because of their geographical proximity. Three sites were on calcareous soil (Parisian Basin) and the fourth, on soil derived from schist and sandstone (Armorican Massif).
device, and in the canopy by means of two hundred sweeps of a hand net (net 50 cm in diameter and 80 cm deep).
Seasons are as follows: spring week 14 to 22, summer 24 to 36 and autumn 38 to 44. The species of Chrysoperla were identified using the morphological characteristics recommended by Thierry et al. (1998) with the identity of some living specimens confirmed by reference to the vibrational song recorded by Henry et al. (1996 Henry et al. ( , 2002 .
Survey of flora
All plants were listed to evaluate the abundance of each taxa at each site. Plant occurrence is expressed as percentage of surface occupied by each family at each sample site. The flowering period of each plant species was noted (Table 4, Fig. 1 ).
Analysis of gut contents
The adult chrysopids were killed at -80°C and preserved until required in a freezer. The oesophageal diverticula were removed from these specimens. This part of the gut serves as a reservoir where pollen and other materials are stored but not digested. The diverticulum was cut open on a slide and the pollen exposed. After the lipid was extracted using diethyl ether, the diverticulum was placed on a slide with glycerin jelly containing basic fuchsin, which stained the pollen (Hyde & Adams, 1958) . Pollen was examined under an optic microscope at a magnification of 400 times and determined to family or species level using as a reference the INRA -Le Magneraud's pollen collection (Aupinel et al., 2001 ). The quantity of pollen was estimated by recording the total number of pollen grains visible at magnification of 20 times in each diverticulum. The size of the diverticulum is ranged from 2 mm (empty) to 3 mm (full). Honeydew is identified by the presence of arthropod exuviae, a few exotic pollen and spores of fungi such as Cladosporium and Alternaria sp. (Hagen & Tassan, 1972) .
Statistical analyses
Statistical analyses were carried out to test if the common green lacewing consumed pollen at random or was attracted to certain plants. As not all pollen can be identified to species, the statistical analysis was restricted to family level.
A specific Z test was used (Scherrer, 1984) . For each specimen, the ratio Xi = percentage of pollen consumed of a particular plant family / percentage of ground occupied by this family at each site was calculated. Then, the number of adult specimens of each species of chrysopid each season was determined.
, with = average of Xi for a plant family and Z = X 1 / X = standard error. In the case of a random choice, = 1. Plants X are considered to be foraged randomly when -1.96 < Z < 1.96. This Z test is not significant when the number of observations is less than 15.
RESULTS

Chrysoperla spp. feeding
Chrysoperla carnea and Ch. lucasina collection dates, number of specimens examined for gut contents, and number and percentage that contained pollen or honeydew, are presented in Table 2 .
Among the 235 Chrysoperla adults collected, 173 were Ch. carnea and 62 Ch. lucasina. Both species of Chrysoperla contained pollen from week 12 to week 36, i.e. in spring and summer, while in autumn 98% contained mainly honeydew. Therefore, the pollen choice of green lacewings collected before mid-September was investigated.
In spring, from week 12 to 18, a few specimens of diapausing adults leaving overwintering sites were collected. No specimen was caught in weeks 20 to 22, the spring generation appeared in week 24, at the beginning of summer.
Green lacewing adults consumed pollen of 28 plant families, of which 25 were present at the sites studied (Table 3 ). In the lacewing diverticula, there was pollen from crop plants, such as cabbage (Brassicaceae), leek (Liliaceae), carrot (Apiaceae) and alfalfa (Fabaceae), and wild plants such as Asteraceae, Chenopodiaceae, Gramineae and Ranunculaceae. Pollen of some uncommon plant families, such as Aristolochiaceae, which occur at one site, were also consumed. Adults seem to feed near their resting-places. Nevertheless, pollen of 26 commonly available plant families was not consumed, such as Agavaceae, Araceae, Convolvulaceae, Geraniaceae, Cucurbitaceae and Malvaceae.
Plants flowering in April, May, September and October, such as Agavaceae, Araceae, Buxaceae, Cupressaceae, Fagaceae and Resedaceae were rarely or not represented because very few Chrysoperla adults were collected during these months: the spring generation was still in the larval stage and adults only consume honeydew in autumn. Vitaceae flower in June but no lacewings were present at the site (Ambillou-Château), which includes some vineyards. Only three species of Primulaceae occur at the four sites: Anagallis tenella L., which closes its flowers at twilight, Primula veris L. flowering in April-May and Lysimachia nummularia L. The pollen of none of these plants were present in our dissections, whereas Ducarme (2000) records that the pollen of Primulaceae, as well as Rubiaceae and Violaceae, is consumed by Chrysoperla carnea s. l.
Agavaceae, Gentianaceae, Onagraceae and Verbenaceae were planted out in small spots and covered less than 1.5% of the surface area. When the area occupied by a particular species of plant is small, there is little chance their pollen will be collected and found in the diverticula of chrysopids.
As all the plants were either not easily available, or too rare, the hypothesis that they were repellent needs to be tested. For example, the pollen of Begoniaceae might not be consumed in spite of it being available in large quantities.
In the laboratory, a deterrence was observed when Chrysoperla carnea adults were offered two plants, Dracocephalum modalvia L. (Lamiaceae) and Gerbera sp. (Asteraceae), at 22°C and a 16 h photoperiod. In a choice situation, they were rejected (total number of specimens = 30 with 5 repetitions) and in a no-choice situation, Chrysoperla carnea adults died without eating any pollen.
Feeding according to plant availability
The flowering periods of 22 plants relative to when the pollen was consumed by Chrysoperla adults are presented in Fig. 1 . The plants are searched when they flower, but not over the entire flowering period. For example, Apiaceae, Brassicaceae, Fabaceae, Liliaceae and Rosaceae are the crop plants whose flowering dates correspond to the period when chrysopids consume pollen. Carrot flowers from week 24 to 28, rape 12 to 18, cabbage 28 to 34, alfalfa 28 to 34, leek 26 to 32 at the site and trees in hedges, such as Prunus sp., and apple orchards flower in spring (Villenave et al., 2005) . Large areas of field crops seem to attract Chrysoperla adults. Therefore, the pollen of plants that is not consumed is either not available or available in too small a quantity because of their phenology, whereas plants whose pollen is regularly consumed occur in large patches in agroecosystems (>1.5%).
Are Ch. carnea and Ch. lucasina opportunists? Are some plants more attractive than others?
Plant attractivity
To test whether they are opportunists, the relation between the plants present at the site and whether their pollen was consumed was analysed using a ² test. The observed result corresponds to that predicted ( ²obs = 3.50E-07, ²theo = 9.21, p = 0.01). It is the relation between the plants present at the site and the nature of the pollen consumed that indicates that Chrysoperla adults are opportunistic feeders. The more precise Z test was applied to determine whether the plants were foraged at random, and some were more attractive than others. As the periods of flight activity of the two species, Ch. carnea and Ch. lucasina, differs, with the latter species collected only in summer and in low vegetation, the results for each species were analysed separately. Pollen of the different plant families was consumed at random, because -1.96 < Z < 1.96 was recorded for few plant families (Table 4) .
In spring, Ch. carnea consumed pollen of plants of mainly two families: Brassicaceae and Caryophylaceae. Caryophylaceae were abundant at the sites. The pollen of the species of Brassicaceae most consumed was from Brassica napus L. although the nearest rape field was about 500 m away. Thus, adults either flew to the field and came back, or flew directly from the rape field to the site.
In summer, there is no difference in the feeding behaviour of the two species: the crop and wild plants present in large patches (Urticaceae, Chenopodiaceae, Amaranthaceae and Asteraceae) were foraged at random. The pollen of other plant families was not consumed or only in small quantities.
DISCUSSION AND CONCLUSION
The gut analysis gave an insight into the feeding behaviour and flight activity of common green lacewings.
The food of Chrysoperla sp. changes with the seasons. In autumn, they consume mainly honeydew, which April-June Rubiaceae probably provides the necessary energy for the fat reserves of diapausing adults (Lemesle et al., 1998) . Yeasts, such as Torulopsis sp., participate in the digestion of the honeydew in the diverticula of chrysopids (Hagen et al., 1970) . In spring and summer, they consume pollen, nectar and honeydew because saccharides are essential for the adults, which mainly feed near their resting-places, in hedges (Duelli, 2001) . They also seem to be opportunistic and do not select certain pollen, which was also noted by Ducarme (2000) and van Impe et al. (2002) . However, some plants are never foraged for pollen. To account for this, several hypotheses have been proposed: (i) some plants are unattractive, (ii) or too rare, (iii) or they flower at times other than when the chrysopids are foraging for pollen (van Impe et al., 2002) or their flowers close at twilight.
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The plant families of which pollen is never consumed (Table 5) , the Convolvulaceae, Geraniaceae, Cucurbitaceae, Malvaceae and Scrophulariaceae have flowers that close at twilight. Therefore, the pollen of these plants is not available during that period of the day when Chrysoperla adults forage for pollen.
Pollen is consumed according to its availability determined by time of flowering and abundance. Pollen of scattered plants is not consumed as much as that of aggregated plants. Green lacewings seem to be attracted to large patches of flowering plants. In addition, the presence of honeydew on plants appears to influence the feeding behaviour of Chrysoperla (Duelli, 1987) . Honeydew and nectar provide a supplementary food and source of the essential yeast symbionts.
In conclusion, we suggest that a permanent source of pollen and honeydew should be provided for common green lacewing adults at the borders and surroundings of crops. The vegetation should include plants that flower at different periods and throughout the period of flight activity of the chrysopids.
